Light-induced inhibition of stem growth is a common phenomenon in plants. Particularly well investigated is the case of peas, Pisum sativum, mainly thanks to the work of Lockhart. Lockhart showed that growth of Alaska peas, a tall variety, was retarded when plants were transferred from darkness to low-intensity light but that, after a period of inhibition, the plants resumed growth at a rate equal to those grown continuously in the dark (5, 7). Applied gibberellic acid reversed the inhibition caused by light. The effect of irradiation on the growth of dwarf peas is even more drastic. Dwarf peas grow like, or nearly like, the tall types in darkness (1) but when they are exposed to light, stem elongation is strongly reduced (1, 5, 6) 
and plant extracts were dissolved in distilled and deionized water containing 0.05 % Tween 20 (polyoxyethylenesorbitan monolaurate) as a wetting agent and were applied to the epicotyl hook in 5k droplets. Not less than 4 plants were used for any one assay. Test plants were kept under low-intensity red light at 270 until the seventh or ninth days after sowing (light source: six 96" T8 red fluorescent tubes, General Electric; 12.5 cm apart; distance from plants approximately 105 cm). Gibberellin activities were expressed by measuring the height of the pea stems from the lowest to the highest node.
Alaska peas were grown and handled in the same manner as dwarf peas. d5-corn seeds were soaked for 24 hours at 150, planted in vermiculite, and grown under artificial light at an 8-hour photoperiod and 270. The dwarf mutants were selected on the fifth day after sowing and transferred to plastic boxes containing half-strength Hoagland solution. Solutions and extracts were applied to the first leaf in 0.1 ml of water with 0.05 % Tween 20 added. Assays were evaluated 1 week after treatment by taking the sum of the lengths of the first and second leaf sheaths. Again not less than 4 plants were used for testing 1 fraction.
Application of Growth Retardants. In some tests, a growth retardant, 2-isopropyl-4-dimethylamino-5-methylphenyl-1-pipiridinecarboxylate methyl chloride (Amo-1618), was used in place of red light to dwarf etiolated dwarf peas and Alaska peas. The growth retardant was added to the nutrient solution when the plants were transplanted to the latter on the third day after sowing. Concentrations were 100, 150. and 200 mg/liter, as specified in the different experiments. Plant Material for Extraction. Dwarf peas to be used for extraction were grown in the same manner as those for bioassays, except they were not selected for uniformity a second time, and were kept in darkness or given only 24 hours of red light.
The growth curves of etiolated and illuminated dwarf peas are shown in figure 1. Growth in darkness reaches a steady state the fourth day after sowing. Growth in low-intensity red light proceeds at another, lower but also steady rate within 24 Table I also shows that thin-layer chromatography after partition chromatography results in further purification of biologically active compounds, yielding 2 to 3 times higher levels of activity in subsequent bioassays.
Activity of Gibberellin A1 and Gibberellin A5 in Different Pea Assays. Fraction I behaved biologically like gibberellin A5. It was highly active on d5 corn but showed very little activity on dwarf peas grown in red light. It also cochromatographed with GA5 on a celite partition column and on silica-gel thin layers using the 2 solvent systems described above (fig 4) . Fraction II on the other hand showed chromatographical and biological properties characteristic for gibberellin A1. Thus it was obvious to compare the activity patterns of applied GA1 and GA5 in lightand dark-grown dwarf and Alaska peas. Twelve plants were treated with each gibberellin concentration and each experiment was repeated 5 times. Alaska peas twice the amount of GA5 was needed to match the response caused by treatment with GA1 but in dark-grown Alaska peas both gibberellins showed comparable activity as growth stimulators.
Discussion
In discussing light interference with gibberellin metabolism in plants Lockhart (5, 6 ) considered 3 possibilities: Light might cause a deficiency of endogenous gibberellins by inhibiting the biosynthesis of new hormone; it might trigger the breakdown of these gibberellins; it might render the tissue less responsive to given amounts of endogenous gibberellins. Of these possibilities, the first 2 become improbable in view of our findings. Since equal amounts of gibberellins were extractable from dark-and light-grown dwarf peas, red light seems to affect neither the biosynthesis nor the destruction of gibberellins in these plants. In contrast, our results are compatible with the third interpretation.
Two fractions exhibiting gibberellin activity were found in dwarf peas. Fraction II stimulated growth when applied to both dark-or light-grown dwarf peas, but fraction I could be effectively utilized as a growth hormone only by etiolated dwarf peas.
The differential behavior of fractions I and II with respect to light is of considerable interest since it offers a basis for explaining the growth pattern of peas in light and darkness. In order to do this, however, certain possibilities concerning the influence of light on the activity of fraction I must be considered first.
The simplest assumption would be that only fraction II is the active growth hormone while fraction I is its precursor, but inactive per se, and that conversion from I to II is blocked or greatly reduced in light. However, the level of fraction II did not decrease in light-grown plants; thus, this interpretation is improbable. It rather seems that the plants contain 2 materials, both of them with hormonal activity, but acting independently from each other, and that light lowers the sensitivity of the cells to endogenous fraction I. Our data, as far as they go at present, do not provide a clue for the mechanism of this light action. One possibility is that light is interfering with one of the reactions leading from fraction I to the growth response proper. It may be assumed that either the utilization of fraction I is affected, or the availability of a cofactor with which this hormone must combine is reduced. However, fraction I did not accumulate in light-treated plants; thus, the lightsensitive reaction would have to be separated from fraction I by one or more reaction step. It is indeed possible that some reaction product of fraction I (and of GA5) was accumulating in light-grown dwarf pea plants but our methods were not designed to detect such a material.
Another possibility that may be visualized is lightinduced formation of an inhibitor which is specific for fraction I. In this respect, it may be of interest that evidence for substances which reduce the response of dwarf peas to applied gibberellin has recently been found in several plants, including tall and dwarf peas, and that the level of these substances in the latter was higher in light than in dark (4) . However, the effect of these inhibitory substances has been tested only against gibberellic acid (GA3) ; Since both GA1 and GA5 have been shown to occur in leguminous plants (8) , it seems highly probable that fraction I from peas is indeed identical with GA5, and the same holds for fraction II with respect to GA1.
Summary
Two fractions with gibberellin-like activity were obtained from dwarf peas by means of partition chromatography and thin-layer chromatography.
No differences could be detected in the levels of these substances when extracted from light-and darkgrown plants.
One of the 2 gibberellin-like fractions (fraction II) behaved chromatographically and biologically like gibberellin A1 (GA1), the other (fraction I) like gibberellin A, (GA5 ) .
Fraction II and GA1 were highly active on dwarf peas grown in light and in darkness. Fraction I and GA5 were highly active in the dark but 10 times less active when the test plants were exposed to red light.
In light-grown Alaska peas GA5 was half as active as GA1 in promoting stem elongation. Again both gibberellins were equally active when applied to etiolated Alaska peas.
It is concluded that illumination lowers the sensitivity of the tissue to fraction I and to GA, while not affecting the sensitivity to fraction II andl GA1. It is estimated that the reaction affected by light is 5 times more sensitive to irradiation in dwarf peas than in Alaska peas.
It is probable that fraction I is idlentical with GA5 and fraction II identical vith GA1.
